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Abstract 
Managing a multi-project environment requires a different method than managing a single project. The main challenge of 
managing a multi-project environment is the allocation of scarce human resources over the projects in execution. As part of a 
broader research on this topic, the aim of this paper is to identify different multi-project management approaches in a structured 
way. Based on this literature review consequences can be derived for future research about this topic. In this literature review, the 
approaches are classified into two dimensions. One dimension classifies how the decision taking is organized, centralized or 
decentralized. The other dimension classifies how the scheduling problem is approached, relying on human insights or on 
optimization algorithms. On the bases of the Iron Triangle of Project Management a comparison analysis of the multi-project 
approaches methods has been here performed. The outcome reveals that the majority of the approaches sets scope as a constraint 
and minimize lead-time by optimizing the resource allocation with centralized heuristic algorithms.  An exception is the 
relatively new approach Scrum-of-Scrums, which is a people oriented, decentralized decision-taking approach. Scope 
optimization is the primary objective of Scrum. Comparing the performance of the different approaches is an interesting field for 
further study, especially the comparison of automated decisions taking with human decision taking. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Scientific Committee of IPMA 2014. 
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1. Introduction 
Our research objective is to give in this article a state-of-the art overview of different types multi-project 
management (MPM) approaches. Our research question is how these different MPM approaches organize resource 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Scientific Committee of IPMA 2014.
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allocation from a managerial perspective. To answer this question we applied structured literature review and 
classified the different MPM approaches based on managerial characteristics. The second objective is to provide an 
overview and to practitioners to decide which approach fits the best to their needs. The third research objective is to 
define an area for further research.  
This article consists of the following parts: In section 1 a definition of project portfolio management is given 
which also defines the scope of this article. In section 2 a conceptual framework is defined to classify the different 
methods. In section 3 the different multi-project management methods are explained. Section compares 4 these 
methods according to the conceptual framework. 
2. Definition of Multi-Project Management 
Multi-project Management (MPM) is often confused with project portfolio and program management. The 
definition of project portfolio management changed over the years. In the early studies it was defined as project 
selection. Later on the term project portfolio management (PPM) was used as project prioritizing and more recently, 
to mean multiple project management (Miguel, 2008). A Multi-Project Environment (MPE) is depicted in figure 1. 
It consists of a set of projects that are not necessarily functional related, but they share the same resources from a 
common resource pool. The set of projects are managed in a structured way and projects must be delivered 
according to the objectives of the organisation. MPM is about the short-term management of projects in execution at 
tactical level (Dye & Pennypacker, 2000).  
 
Definition of Multi-project Management: 
Short-term tactical management of a set of projects in execution that share the same resources.  
 
In this research the focus will be on the resource allocation problem within an MPE. Resource allocation is the 
prime challenge of management (Engwall & Jerbrant, 2003). Sharing of scarce resources makes the allocation 
problem complex, since it creates dependencies between projects. A resource problem in one project can easily 
cause problems in many other projects. Therefore, solving the resource allocation problem is crucial for the 
performance of the organisation. Managers do not know how to properly deal with resource allocation under 
uncertainty in an MPE. 
 
  
Fig. 1. Multi-project and Resource management 
3. Approach of the literature review  
A literature review about multi-project management (MPM) and resource allocation approaches showed that the 
main sources of relevant articles so far have been the International Journal of Project Management and the Project 
167 Albert Ponsteen and Rob J. Kusters /  Procedia - Social and Behavioral Sciences  194 ( 2015 )  165 – 173 
Management Journal. From 2008 until now the International Journal of Project Management in Business has been 
added as a valuable source. Of these journals all issues were reviewed from March 2013 back till 2000, or till the 
first issue. The Journal of Scheduling is reviewed on published articles from March 2013 back till 2006 since it did 
not give significant more insight in different MPM approaches other than different variants of heuristic scheduling 
algorithms. Particularly useful were the references of the overview articles of Kwak & Anbari (2009) and Dong et 
al. (2008). Additionally an extensive key-word research is performed till the point at which no relevant new articles 
had been found.  
 
4. Classification of MPM approaches 
This section starts with an overview of different types op MPM methods found in the literature over the last 13 
years. After a brief description of these methods an overview is given in table 1. The methods are classified by 
different characteristics in a 2x2 matrix in table 2. This classification is based on the interest of our research topic 
about how an MPE is organized. 
In the early days a popular approach of project management (PM) was heuristic Operational Research (OR). The 
number of OR publications in the popular PM journals decreased form 41% in the 60’s to 18% in the 2000s (Kwak 
& Anbari, 2009). Nevertheless the number of heuristic OR publications is still significant. An important 
characteristic of multi project environments is uncertainty. Buffer management approaches are a class of MPM 
methods dealing with uncertainty and Critical Chain (Goldratt, 1997) is one of the most frequently used. Resource-
sharing policies form a different class designed to deal with the inevitable conflict within a matrix organisation 
between project-, resource- and portfolio management. (Laslo & Goldberg, 2008). 
Resource allocation is organized in a decentralized way in the Multi-agent approach contrary to the previous 
classes mentioned. Agile scrum is a popular MPM method in IT development.  As apposed to the waterfall IT 
development, scope is defined in a flexible way. Multidisciplinary teams with a high level of self-organization 
execute the work in sprints. Scrum-of-scrums is the MPM approach of agile scrum (Sutherland, 2005). 
In the Systems Management approach an MPM environment can also be regarded as a system controlled by 
feedback loops (Aritua at al. 2009). 
An overview of the different MPM types is provided in table 1. This overview is in accordance with the 
classification listed by Dong et al. (2008),  albeit with less differentiation on the heuristic OR methods. 
 
Table 1. Multi-Project Management approaches 
Multi-project management approach Characteristics References 
Heuristic OR  Optimization algorithms Browning & Yassine (2010),  
Buffer management approaches like critical chain Dealing with uncertainty Herroelen & Leus (2004), 
Cohen et al. (2004) 
Agile by using scrum of scrums Flexible scope management Sutherland (2005), 
Greening (2010) 
Multi-agent auction based methods Decentralized decision taking Jennings & Wooldridge (1995),  
Adhau, Mittal et al (2012) 
Resource sharing policies with dedicated & core 
teams and shared resource pools 
Dealing with conflicts among PM, 
RM and portfolio mng 
Besikci et al. (2011), Hendriks et al (1999) 
(Laslo & Goldberg, 2008) 
Systems management Control by Feedback loops Aritua at al. (2009) 
 
Our main interest is how the resource allocation in an MPE is organized. The question is whether a human or an 
algorithm takes the decision. Another important aspect is whether the decisions are taken centralized or 
decentralized. Automated decisions are calculated based on simplified models of reality. These heuristic OR models 
improve the decision taking by incorporating an increasing number of variables. The human decision approach is on 
the other hand based on the idea that an algorithm can never incorporate all the situations that happen in real-life and 
that humans are much more flexible to adjust themselves to unpredicted situations. 
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The MPM approaches of table 1are classified into two dimensions. Within this framework heuristics OR models 
are classified as one item as the nature of the majority of these models is a centralized decision based on algorithms. 
Heuristic OR methods with fundamental different characteristics, like the multi-agent approach, are classified 
separately. 
 
Table 2. Multi-Project Resource Allocation Classification 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. MPM method analyses 
In this section an analyses is made of how the MPM approaches of table 1 deal in a different way with the Iron 
Triangle of project management (PM), time, cost and quality. In this analysis cost is regarded as the management of 
resource capacity and quality as scope. Each method will be ranked according to the primary focus to optimize time, 
capacity or scope. In order to achieve this objective, freedom in another dimension of the Iron PM Triangle is used 
to accomplish this. Dimensions of the Iron PM Triangle that are not subjective to change are regarded as constraints. 
This information will be added to table 2. The result will be provided in table 3 in the next section. 
5.1. Heuristic methods 
There are two general scheduling approaches to solve the resource allocation problem, with exact methods or 
using heuristic methods. Since the resource allocation problem is NP-hard (Non-deterministic Polynomial time), the 
use of exact methods is limited to simple scheduling problems. Heuristic methods are used to deal with complex 
problems.  A wide variety of heuristic methods optimize, slack, cost or delay in different kinds of project settings. In 
practice managers cannot comply with the prerequisites that (meta-) heuristics require. In practice it takes too much 
effort to build the formal networks required to compute these models. 
 On average Priority rule (PR) based heuristics are simpler to compute and less advanced networks and 
prerequisites are required.  PR heuristics can be used as guidance for managers to make resource allocation 
decisions. Various studies about PR heuristics show conflicting outcomes. Different project settings, such as the 
complexity of the projects, the resource-utilization factor and the resource-loading factor effect the outcome 
(Kurtulus & Davis, 1982). Browning & Yassine (2010) analyzed 20 of the most commonly used PR heuristics 
simulated in 12.130 different settings: some of the PR’s performed better form project point of view and others 
better from portfolio management point of view. But both methods perform surprisingly better than the current most 
common rule used by management, Minimum Slack (MINSLK). 
 
MPM Classification of heuristic models based on Iron PM Triangle 
The majority of the heuristic algorithms is based on optimizing activities. In terms of the Iron PM triangle this is 
regarded as time focussed. Note that a significant number of PR Heuristics that apply capacity optimizations 
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perform significantly better than activity based optimizations (Browning & Yassine 2010). To summarize: both time 
and capacity optimizations as primary objectives are applicable to heuristic models. The heuristic models as 
mentioned in this section are algorithms that support centralized decision taking. Scope is regarded as a constraint 
instead of a management variable of the Iron PM Triangle. 
 
5.2. Critical chain management 
Critical Chain (CC) is an effective approach to deal with uncertainty in single projects.  Time buffers protect the 
schedule against uncertainty (Goldratt 1997). In CC Multi Project Management (CCMPM) the relation between 
projects is defined by the constraining resource, called the drum resource. If the drum is a clear resource constraint, 
then a robust drum (constraint) planning is sufficient (Herroelen & Leus, 2004).  In this case the non-constraining 
resources have enough capacity to handle a reasonable amount of uncertainty and are able to protect the schedule of 
the drum. In many cases there is no clear drum which makes managing only the capacity of the drum insufficient to 
control an MPE (Cohen et al 2004). Environments with (high) variability require a more process based management 
approach, like a job shop approach is more sufficient (Herroelen & Leus, 2004)  
Cohen et al. (2004) compared CC with Minimum slack (MinSLK), constant number of project in progress 
(ConPIP) and Queue size control (QSC). It appeared that in a multi-project setting these MPM methods gave at least 
similar and in some circumstances even better results than CC. The significant simpler ConPIP approach, that 
requires minimal organisational investment, appeared to be a good alternative for CC in a multi-project setting. 
A differentiation between methods applied by Cohen is if a system is a closed or an open system. CC is referred 
as an open control system, QSC as a closed system where a control loop regulates the total number of activities. 
Cohen claims that a closed system like QSC enables one to work in higher throughput rates than in CC when the 
capacity buffers are respected. 
 
MPM Classification of Critical Chain based on Iron PM Triangle 
The primary objective of CC is to minimize the lead-time of the projects. The drum capacity is regarded as a 
resource constraint, however all other capacity is used as management variable in the Iron Triangle to exploit the 
drum and by that to reach the objective to minimize the lead-time. The allocation of capacity is based on centralized 
decision taking by the CC algorithm. Scope is not regarded as a management variable in CC, with respect to the Iron 
PM Triangle scope can be regarded as a constraint. 
5.3. Scrum of Scrums  
Scrum focuses on delivering products. Scrum is an adaptive, iterative, people oriented approach. The scrum 
method gained interest since the late 1990s, but the agile ideas behind it have been around since the 70’s (Abbas, 
Gravell, & Wills, 2008). Other Agile related methods are XP (eXtreme Programming), DSDM (Dynamic Software 
Development Method), Crystal, and FDD (Feature Drive Development). Scrum and XP are widely the most adopted 
agile methods in the world.  With XP focussing on the development practices, and Scrum on the project 
management aspects (Hoda, Noble, & Marshall, 2011). From the point of view of management, Scrum has our main 
interest. 
The multi-project approach of scrum is called scrum-of-scrums, enterprise scrum or meta-scrum. There is limited 
literature about the multi-project approach of scrum. Till 2006 only 26 publications where found, since then a few 
hundred publications mention the multi project approach of scrum, but in depth research about the method is still 
limited.  
The equivalent to a scrum sprint at multi-project level is a quarter sprint. Additional to the daily stand-up meeting 
on project level there is a weekly stand-up for project Scrum masters, product managers and team leaders headed by 
the Enterprise Scrum master. (Greening, 2010) 
 
MPM Classification of Scrum-of-Scrums based on Iron PM Triangle 
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Scrum-of-Scrum is a people oriented, decentralized decision-taking approach. Scope optimization is the primary 
objective of Scrum. The scope is negotiable during the project and therefore used as management variable of the 
Iron triangle. Capacity is the second management variable, however in practice scrum projects work with core teams 
with low inter-changeability between other scrum projects. Time is constraint by a predefined number of time-boxes 
called sprints. In some scrum variants, like scrum in combination with Critical chain, the last few sprints are used as 
a time buffer to add another degree of management freedom in the Iron PM Triangle.  
5.4. Auction based multi-agent system 
Instead of solving the RCMPSP centralized, the multi-agent system solves it decentralized by using agents. An 
agent is a software entity that has autonomy, is social able, is proactive and responsive. Additional desirable 
characteristics are adaptability, mobility and rationality. (Jennings & Wooldridge, 1995) 
In an MPE there are project agents, resource agents and exchange agents. The project agents submit bids for tasks 
for which global resources are required. The height of the bid is calculated per time slot as the cost of not having this 
resource. A local decision making algorithm calculates these bids. During this auction project plans are virtually 
rescheduled at current time. This is an iterative heuristic process. The exchange agent that runs this iterative 
bid/auction process determines the winner after a certain amount of iterations and notifies the resource agent to 
transfer the resource to the winning project agent. (Adhau et al., 2012) 
 
MPM Classification of Multi-Agent based on Iron PM Triangle 
All Multi-Agent methods are based on situational local decision taking according fixed rules determined by 
algorithms. The primary objective depends on the used (heuristic) method the optimization is focussing on time or 
capacity. Scope is regarded as a constraint instead of a management variable of the Iron PM Triangle. 
5.5. Resource sharing policies 
Besides an heuristic OR problem, resource allocation is also a social management problem between portfolio, 
project and resource managers (Laslo & Goldberg 2008). Decision-making is based on resource sharing policies. 
Besikci et al. (2011) summarized the following resource sharing policies.  
 
A. Shared Resource Policy 
This policy is a multi-project approach where a shared resource pool is used by all projects in the portfolio. The 
advantages is the efficiently use of resources, a disadvantage is project delay because of resource unavailability. The 
resource allocation in a multi-project setting is complex. 
 
B. Resource Dedication Policy 
Dedicated resources assigned to a single project in the portfolio. This approach did not get much attention in 
literature and is also referred as a multiple-single project setting. The advantage of this policy is that the resource 
allocation problem is settled at the beginning of the projects. The complexity of controlling the portfolio of projects 
in execution is comparable with controlling a single project. One of the disadvantages is the less efficient use of 
resource comparable to a multi-project setting. Another disadvantage is the single project focus of the project 
manager which is mainly focussed at the individual project’s performance characteristics.(Browning & Yassine, 
2010) 
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C. Relaxed Resource Dedication Policy 
In the relaxed dedication policy, resources that are finished on one project are allocated to new projects. This way 
of allocation is more common than the full resource dedication policy. 
 
D. Generalized Resource Management Policy 
The generalized resource management policy combines the three mentioned types of resource sharing; sharing all 
resources, using dedicated resources and use of the relaxed resource dedication policy. For each resource type a 
different constraint policy is used.  
Also the type of resource can be taken into account. A project needs a group of team members that are the heart 
of the project, the core team members. Core team members are allocated dedicated to the projects. Another group of 
resources that are only needed from time-to-time are the experts, these resource are typically allocated to multiple 
projects. Although uniqueness is a typical project characteristic, there are also tasks that have to be executed in 
every project. When an activity is routine-like and the quality is largely independent of the chosen resource, it can 
be defined as a service. Services can be planned more efficient as specific resources. (Hendriks et al., 1999)  
 
MPM Classification of Resource sharing policies based on Iron PM Triangle 
The resource sharing policies are agreements on management level. In first instance the project- and resource 
manager have to come to an agreement. If impossible, the portfolio manager has to take a decision. Decision taking 
is human in a largely centralized setting. It depends on the resource sharing policy of the company what the primary 
objective is. The primary objective of dedicated resource policy is to minimize lead-time, at least for the top priority 
projects. The primary objective of the shared resource policy is capacity optimization. As management variable in 
the Iron PM Triangle a certain amount of slack in time is required in order to fit the capacity puzzle. The relaxed 
resource dedication policy and the generalized resource management policy are hybrids, where the relaxed policy 
tends more towards time optimization than the generalized policy. For all policies, scope is regarded as a constraint 
instead of a management variable of the Iron PM Triangle. 
5.6. Systems management 
In the systems management view an MPE is regarded as a complex adaptive system. The focus should be on the 
interrelation ships, instead of individual projects. The feedback loops in the system provide an adaptive behaviour to 
the external environment. The system is self-organizing as people act in concert with each other; all for their own 
reasons (Aritua et al., 2009). Aritua listed six characteristics of complex adaptive systems according the complexity 
theory; (1) inter-relation ships, an MPE interacts with the environment as an open system. (2) Adaptability, the 
system to adapt itself to the environment. (3) Self-organisation, systems tends to order or self-organisation. 
Individuals act in similar ways in harmony with each other. (4) Emerge, the sum is greater than the parts. Risk and 
values can be better managed in a multi-project context than in an isolated single project context. (5) Feedback, 
information circulates, is modified by others, then comes back to influence the behaviour of the originator either 
positively (amplified) or negatively (dampened). (6) Non-linearity, small changes in the MPE can have large 
and unpredictable consequences in the outcomes of the system.  
 
MPM Classification of Systems management based on Iron PM Triangle 
The primary objective depends on the goal of the feedback loop; organize the system to optimize time or to 
optimize capacity. For both options scope is regarded as a constraint.  
6. Comparison and result analysis 
Based on the analysis of individual methods in the previous section, table 3 adds a classification of management 
focus regarding time, scope and capacity for each MPM approach. In order to control the Iron PM Triangle, one 
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dimension is regarded as the objective; another dimension is regarded as the freedom of management to achieve the 
objective. Dimensions that are not subjective to change are regarded as a constraint and are denoted in table 3 by a 
non-capital letter. i.e. at the end of section 5.2 the classification of Critical Chain is stated follows: the primary 
objective to optimize Time can be achieved by manipulating Capacity while keeping the scope as a constraint; this 
will be denoted as T - C – s. This is described at the end of each MPM approach description. 
 
Table 3. Multi Project Management Classification based on management focus 
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Except for Scrum-of-Scrums, the constraint of all MPM methods is scope. But even when scope is the constraint 
in the other MPM methods it can and will be subjective to change. Contrary to scrum-of-scrums, scope changes will 
be regarded and handled as an exception. Capacity and time can also regarded as a constraint, one has to deliver a 
project within a certain budget and time. But this what is meant by this order is the primary objective for 
optimization. i.e. if the organization want to regarded as a fast delivery supplier, their primary focus will be lead-
time. Since speed and efficiency are a trade off, this can have a negative effect on the efficient use of the capacity.  
Some MPM methods draw in table 3 have multiple strings. In those cases there are different underlying decision-
making rules with different primary objectives regarding time and capacity. The boxes drawn in table 3 are not 
isolated. Hybrids are common practice. For example the PR-heuristics are often used to support a human 
management decision. An interesting field for future development is how centralized management information can 
support decentralized human decision.  
7. Conclusions and recommendations 
 In this paper we describe the results of a literature review on approaches that enable dealing with the MPM 
problem. As a result, a classification of such approaches was developed. Table 3 shows that the majority of the 
MPM approaches are based on automated centralized decision taking. More recently also social management 
approaches are used to manage an MPE. A popular approach in the IT industry that takes advantage of decentralized 
human decision taking and self-regulation is Agile scrum, the multi project variant, Scrum-of-Scrums, however is 
under-explored.  
Practitioners can use this classification by based on their primary objective and management style. To be the 
fasted on the marked requires a different approach then to be the cheapest. And a hierarchical organization requires 
a different approach then a decentralized organization. 
The third objective of this of article is to define the area for further research. The dimensions of table 3 will be 
used to scope this area. Based on the fact that an MPE is a complex environment, one must be able to handle the 
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dynamics associated with this complexity. Humans are much more capable to adapt themselves to unforeseen 
situations than algorithm based solutions are able to. From this point of view, automated decision taking is less 
applicable for MPM. As a second issue, these dynamics reveal themselves in first instance on the shop floor, the 
area where the professionals operate that have the knowledge, the information and the skills to deal with the actual 
situation. For this reason our preferred management approach is bottom-up. In terms of table 3, end up in the 
decentralized human decision taking quadrant. 
Based on these arguments and the fact that decentralized human decision taking MPM approaches are relatively 
under-explored, we want to focus our further research at this area. For our further research it will be interesting to 
study if the performance of an MPE can be improved by stimulating self-regulation based on centrally provided 
management information in professional working environments.  
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